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(57)Abstract: 

PROBLEM TO BE SOLVED: To prevent abnormal fuel injection at starting 
time. 

SOLUTION: In a control means 81, a piezo stack 68 is extended prior to 
starting force feed of a pump 72. Fuel of a displacement expanding 
chamber 57 is discharged. A ball 63 and a piezo actuator 121 are put in 
the substantially same state as fuel injection time. When fuel pressure 
reaches fuel pressure capable of lifting the ball 63, the piezo stack 68 is 
discharged. Even if a small diameter piston 64 lowers to the lowest 
position together with the ball 63 in an engine stopping period, the small 
diameter piston 64 and the ball 63 are displaced upward by following 
upward displacement of a large diameter piston 65 to cut off a valve chest 
55 and a low pressure passage 32. Minimum pressure of an oil reserving 
chamber 41 capable of separating a needle 61 is set to a value not less 
than pressure of the oil reserving chamber 41 at cutoff time to prevent 
separation of the needle 61 not by an injection command. 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1 . This document has been translated by computer. So the translation may not reflect the original precisely. 
2 **** s hows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] Fuel pressure is the sump ball room where it consists of injector control means which perform injection 
control of the injector which receives supply of fuel with the common rail which stores the fuel fed from the pump, and 
this injector, the aforementioned injector has the spring energized in the taking-a-seat direction to the needle arranged 
in the nozzle, and the fuel from the aforementioned common rail acts in the **** direction to the aforementioned 
needle. While the back pressure room where fuel pressure acts in the taking-a-seat direction to the aforementioned 
needle is supplied, it is constituted so that the aforementioned back pressure room and the source of low voltage may 
be open for free passage and the aforementioned needle may **** when a back-pressure control valve opens, and the 
aforementioned back-pressure control valve is open for free passage with the aforementioned back pressure room, the 
valve chest which is always open for free passage, and the aforementioned source of low voltage, it is an opening edge 
to the ceiling side of the aforementioned valve chest. In control until it is the fuel injection equipment equipped with 
the above, and it provides a pressure detection means to detect the fuel pressure of the aforementioned common rail 
and the first fuel injection is performed in the aforementioned injector control means The fuel pressure which acts to 
the aforementioned valve element which makes the aforementioned piezo stack the extension state beforehand, and is 
known from the fuel pressure of the aforementioned common rail It constitutes so that the aforementioned piezo stack 
may be made to reduce, when it goes up to the fuel pressure in which the upward displacement of the aforementioned 
ball is possible by elevation of the fuel pressure of the aforementioned common rail by the feeding start of the 
aforementioned pump. While considering as the composition which generates the force which energizes the 
aforementioned bottom piston for the aforementioned injector up only by the press force from the aforementioned 
valve element It is characterized by setting up the minimum aforementioned fiiel pressure of the sump ball interior of a 
room which may **** the aforementioned needle more than the fuel pressure of the aforementioned sump ball interior 
of a room when the fuel pressure which acts on the aforementioned valve element reaches the fuel pressure in which 
the upward displacement of the aforementioned ball is possible. 

[Claim 2] The fuel injection equipment which set up the aforementioned injector control means in the fuel injection 
equipment according to claim 1 so that the aforementioned piezo stack might be made into the extension state in 
advance of the feeding start of the aforementioned pump. 

[Claim 3] The fuel injection equipment which made the claim 1 or another spring which energizes the aforementioned 
bottom piston caudad provide in the fuel injection equipment of a publication 2 either. 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[The technical field to which invention belongs] this invention relates to improvement in the fuel-injection 

performance of a fuel injection equipment. 

[0002] 

[Description of the Prior Art] That in which the injector for the fuel injection into a cylinder received supply of fuel as 
a fuel injection equipment of an internal combustion engine with the common rail which stores the fuel fed from the 
pump is known as a common rail formula. The needle which opens and closes a nozzle hole in the nozzle by which the 
nozzle hole was formed at the nose of cam is held free [ sliding ] in the back end section, and an injector is introduced 
into the sump ball room in which the fuel from the aforementioned common rail was formed at the periphery of the 
point of a needle. This introductory fuel is offered as a control oil which generates the energization force offered as 
injection fuel of both acting a needle in the **** direction again. The fuel from the aforementioned common rail is 
introduced into the back pressure room which makes the back end side of a needle an interior wall side again, and is 
offered as a control oil which generates the energization force of acting a needle in the taking-a-seat direction. A 
needle is ****(ed), if the fuel pressure of a back pressure room declines and the energization force of the **** 
direction over a needle becomes superior, the fuel pressure of a back pressure room goes up from the state, and if the 
energization force of the taking-a-seat direction becomes superior, it will sit down. 

[0003] An example of the structure of the back-pressure control valve which switches the fuel pressure of a back 
pressure room to drawing_6 is shown. It has the aforementioned back pressure room and the valve chest 901 which is 
always open for free passage, a ball 902 is arranged in the valve chest 901, and a back-pressure control valve can close 
the hole 903 which has an opening edge in the ceiling side of the valve chest 901 . The hole 903 is open for free passage 
with the low-pressure fuel tank. A cylinder 904 is formed above the valve chest 901 in the vertical direction, and two 
pistons 905,906 from which the diameter of sliding differs are arranged in the cylinder 904. The pin-like soffit section 
9051 can project in the aforementioned valve chest 901 from the aforementioned opening edge of a hole 903, and, as 
for the lower piston 905, can press the aforementioned valve element 902 freely, and the press drive of the upper piston 
906 is carried out by the piezo stack which is not illustrated from the upper part. Between both the pistons 905 and 906, 
fuel is introduced and it has become the oil pressure room 907. 

[0004] the state of illustration - the state before fuel injection - it is -- a ball 902 - the above - closing a hole 903, 
between the above-mentioned back pressure room and the low-pressure fuel tank, it is intercepted and the fuel pressure 
of a back pressure room is a pressure equal to the abbreviation common-rail-pressure force the above according [ if the 
upper piston 906 displaces caudad from this state, the lower piston 905 will drive caudad through the fuel of the oil 
pressure room 907, and ] to a ball 902 — the synizesis state of a hole 903 is canceled and the pressure of a back 
pressure room declines through the fuel tank of low voltage [ room / back pressure / above-mentioned ] Fuel injection 
timing and the injection quantity are controlled by opening- and-closing control of this back-pressure control valve. 
[0005] 

[Problem(s) to be Solved by the Invention] By the way, when an engine is a idle state, a needle is in a taking-a-seat 
state by the force of a spring, and on the other hand, the ball is getting down from the back-pressure control valve to 
the bottom of the valve chest with a self-weight while a piezo stack is in a reduction state. If an ignition switch turns on 
and fuel feeding to the common rail of a pump is started from this state, the fuel pressure which acts up (the taking-a- 
seat direction) to the fuel pressure and the ball which act in the **** direction to a needle goes up. First, a ball carries 
out upward displacement, it sits down, a back-pressure control valve closes the valve, the fuel pressure of a back 
pressure room goes abruptly up, and before the fuel pressure of the **** direction which acts on a needle becomes 
more superior than spring action and the fuel pressure of a back pressure room, a needle is held in the taking-a-seat 
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state. 

[0006] However, if the long time has passed after an engine stops, lower part displacement will be carried out, being 
accompanied by the inflow of the fuel to an oil pressure room until it contacts a ball by the spring or self- weight in 
which the bottom piston was installed between them. 

[0007] If feeding from a pump will be started again, the common-rail-pressure force will go up, if it will be in this 
state, and a ball starts upward displacement, the fuel of the oil pressure interior of a room will generate the force which 
a pressure rises by compression and bars the upward displacement of a ball. The timing to which the fuel pressure of 
the back pressure room where a ball cannot sit down promptly but acts in the taking-a-seat direction to a needle by this 
goes abruptly up is overdue. Although the fuel pressure of the **** direction which acts on a needle becomes more 
superior [ fuel pressure ] than the force of the taking-a-seat direction since the fuel pressure of a sump ball room goes 
up and injection instructions are not issued in the meantime, either, a needle will ****, and fuel will be injected. 
[0008] If the spring 908 which acts upward to the bottom piston 905 is formed and a piezo stack contracts as an 
injector of another structure as shown in drawingJZ , there will be a thing from which it was made for the bottom piston 
905 to return to a predetermined initial valve position, and this unusual injection will not occur. 
[0009] However, with this structure, when the bottom piston 905 is in the above-mentioned initial valve position, 
between a ball 902 and the bottom pistons 905 has contacted or it has few gaps H to secure the adhesion of a ball 902 
and its sheet 901a. This gap H originates in wear of the individual differences at the time of manufacture, the thermal 
expansion and the thermal contraction of the bottom piston 905, the ball 902 with time, and the bottom piston 905, is 
not fixed, serves as dispersion in fuel injection timing, and dispersion of fuel oil consumption, appears, and cannot 
respond to the higher precision request of prospective fuel-injection control. 

[0010] this invention was made in view of the aforementioned actual condition, its precision of fuel injection is high, 
and it aims at offering the fuel injection equipment which can prevent that fuel injection is made although injection 
instructions moreover are not issued at the time of starting. 
[0011] 

[Means for Solving the Problem] The injector which receives supply of fuel with the common rail which stores the fuel 
fed from the pump in invention according to claim 1 The sump ball room where it has the spring energized in the 
taking-a-seat direction to the needle arranged in the nozzle, and fuel pressure acts [ the fuel from the aforementioned 
common rail ] in the **** direction to the aforementioned needle, The back pressure room where fuel pressure acts in 
the taking-a-seat direction to the aforementioned needle is supplied, and when a back-pressure control valve opens, it is 
constituted so that the aforementioned back pressure room and the source of low voltage may be open for free passage 
and the aforementioned needle may ****. The hole which has an opening edge in the ceiling side of the 
aforementioned valve chest while the aforementioned back-pressure control valve is open for free passage with the 
aforementioned back pressure room, the valve chest which is always open for free passage, and the aforementioned 
source of low voltage, it arranges in the aforementioned valve chest — having - the above - with the valve element 
which closes a hole, and the cylinder formed above the aforementioned valve chest in the vertical direction It projects 
in the aforementioned valve chest from the aforementioned opening edge of a hole, it arranges in this cylinder — 
having — the pin-like soffit section — the above — with the piston of the bottom which can press the aforementioned 
valve element freely The piston of the bottom which it is arranged in the aforementioned cylinder in the upper part of 
this piston, and is displaced up and down by expansion and contraction of a piezo stack, It has the oil pressure room 
which comes to fill [ fuel ] up the space across which it faced at the two aforementioned pistons, and tells the variation 
rate of a top piston to a bottom piston, if the aforementioned piezo stack charges and develops ~ press of the 
aforementioned bottom piston ~ the aforementioned valve element - lower part displacement — carrying out - the 
aforementioned valve chest - the above — it is constituted so that it may be open for free passage with the 
aforementioned source of low voltage through a hole And a pressure detection means to detect the fuel pressure of the 
aforementioned common rail is provided. And the aforementioned piezo stack makes into an extension state 
beforehand, and it constitutes in control until the first fuel injection is performed in the injector control means which 
switch the charge and discharge of the aforementioned piezo stack, and perform injection control of the 
aforementioned injector so that the fuel pressure which acts to the aforementioned valve element known from the fuel 
pressure of the aforementioned common rail may make the aforementioned piezo stack reduce, when it goes up to the 
fuel pressure in which the upward displacement of the aforementioned ball is possible by elevation of the fuel pressure 
of the aforementioned common rail by the feeding start of While considering as the composition which generates the 
force which energizes the aforementioned bottom piston for the aforementioned injector up only by the press force 
from the aforementioned valve element, the minimum aforementioned fuel pressure of the sump ball interior of a room 
which may **** the aforementioned needle is set up more than the fuel pressure of the aforementioned sump ball 
interior of a room when the fuel pressure which acts on the aforementioned valve element reaches the fuel pressure in 
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which the upward displacement of the aforementioned ball is possible. 

[0012] The valve element in a back-pressure control valve, a bottom piston, a top piston, and a piezo stack will be in 
the state at the time of fuel injection substantially because a piezo stack develops beforehand. Subsequently, although 
reduction of a piezo stack performed will be made in this state, since reduction of a piezo stack is made after the fuel 
pressure which acts on a valve element upward fully goes up, a valve element closes the hole which follows in 
footsteps of reduction of a piezo stack, carries out upward displacement promptly, and leads to the source of low 
voltage like the time of a fuel-injection halt. The fuel pressure of the back pressure room which energizes a needle in 
the taking-a-seat direction goes abruptly up by this, a needle is held in the taking-a-seat state, and it will be in the usual 
fuel-injection standby state. To the timing in which a valve element carries out upward displacement, since the fuel 
pressure of the sump ball room which still energizes a needle in the **** direction has not reached the pressure which 
may **** a needle, it can prevent that fuel injection is made although injection instructions are not issued. 
[0013] Therefore, the spring which energizes a valve element up is unnecessary. 

[0014] And since it generates only by the press force from the aforementioned valve element and the force which 
energizes a bottom piston up pulls apart a bottom piston from the valve element of a taking-a-seat state, dispersion in 
the fuel injection timing resulting from the gap of a valve element and a bottom piston or the injection quantity can be 
reduced. 

[0015] In invention according to claim 2, in the composition of invention of a claim 1, the aforementioned injector 
control means are set up so that the aforementioned piezo stack may be made into the extension state in advance of the 
feeding start of the aforementioned pump. 

[0016] In advance of the feeding start of the aforementioned pump, the fuel pressure of a sump ball room which acts 
the aforementioned piezo stack on an extension state, then a needle in the **** direction is an abbreviation ordinary 
pressure, a needle is not certainly given to the fuel pressure in which **** is possible, but the surveillance burden of 
the common-rail-pressure force is mitigated, and it becomes easy to control it. 

[0017] The spring which energizes the aforementioned bottom piston caudad is made to provide in the composition of 
a claim 1 or invention of two in invention according to claim 3. 

[0018] The contact state of a valve element and a bottom piston can be ensured, and dispersion in fuel injection timing 

or the injection quantity can be reduced further. 

[0019] 

[Embodiments of the Invention] The fuel injection equipment of the common rail formula of the diesel power plant 
which applied this invention to draw ing 1 is shown. The injector 1 for several cylinder minutes of a diesel power plant 
is formed corresponding to each cylinder (one injector 1 is illustrated in the example of drawing), and receives supply 
of fuel from the common common rail 73 which is open for free passage through a supply line 74. It is fed by the 
common rail 73 with the high-pressure supply pump 72 whose fuel of a fuel tank 71 is a pump, and is stored by high 
pressure. 

[0020] An injector 1 is controlled by pressure-sensor 82 grade by the drive circuit 812 and pan which constitute the 
injector control means 81 with ECU81 1 and ECU81 1 . The drive circuit 812 carries out the charge and discharge of the 
piezo stack 68 which an injector 1 mentions later in response to the command signal of ECU81 1, for example, injects 
fuel only for time required for a required stage from an injector 1 by the injection pressure equal to the combustion 
chamber of each cylinder in the abbreviation common-rail-pressure force. 

[0021] It is prepared in a common rail 73, the above-mentioned common-rail-pressure force is detected, ECU81 1 
controls the high-pressure supply pump 72 based on the detection result, and a pressure sensor 82 adjusts the amount of 
feeding of the fuel to a common rail 73, and controls the common-rail-pressure force to become the proper injection 
pressure according to the service condition known by other sensor inputs etc. 

[0022] Moreover, the fuel supplied to the injector 1 from the common rail 73 is used also as control oil pressure of the 
injector 1 besides for the injection to the above-mentioned combustion chamber etc., and flows back into a fuel tank 71 
through the low-pressure drain line 75 from an injector 1 . 

[0023] An injector 1 is attached so that the combustion chamber wall of **** of an engine may be penetrated and the 
soffit section in drawing may project in a combustion chamber, and the nozzle section 1 1 and the back-pressure control 
valve 12 are constituted sequentially from the soffit section. An injector 1 has a rod-like structure 2, and the path where 
the hole which stores each part article which constitutes each part 1 1 and 12 of the above, and fuel circulate is formed. 
[0024] The condom section 42 is formed in soffit section 2a of a rod-like structure 2, the nozzle section 1 1 penetrates a 
condom section 42 formation wall, and the nozzle hole 43 for fuel injection is formed. The dugout 21 connected with 
the high-pressure path 3 1 which leads to a supply line 74 is formed above the condom section again, and soffit section 
2a of a rod-like structure 2 is nozzle 2a. 

[0025] The nozzle needle 61 with the stage turns a nose of cam to the top portion of a dugout 21 at the bottom, and it is 
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arranged, and is held free [ sliding ] in the top major-diameter section 612 which is the back end section. The annular 
sump ball room 41 is formed in the periphery of the bottom narrow diameter portion 611 which is a point of the nozzle 
needle 61, the sump ball room 41 is always open for free passage with the high-pressure path 31, and the high-pressure 
fuel from a common rail 73 is supplied. 

[0026] When the soffit section of a cone sits down considering the upper-limit opening edge of the condom section 42 
as the sheet section, closes the condom section 42, forbids the fuel injection from a nozzle hole 43 and injects fuel in 
the state of descent, the nozzle needle 61 goes up, is ****(ed) from the above-mentioned upper-limit opening edge of 
the condom section 42, and opens the condom section 42. 

[0027] The high-pressure fuel of the sump ball room 41 acts on ****61a of the nozzle needle 61, and cone-like apical 
surface 61b upward, and energizes the nozzle needle 61 in the **** direction. 

[0028] The fuel as a control oil is introduced through the in orifice 51 from the high-pressure path 31, and space 53 
formed by the wall surface of the back end side 61c and a dugout 21 in the upper part of the nozzle needle 61 is made 
into the back pressure room 53 which generates the back pressure of the nozzle needle 61. This back pressure acts on 
the nozzle needle 61 downward, and energizes the nozzle needle 61 in the taking- a-seat direction with the spring 62 
contained in the back pressure room 53. 

[0029] The back pressure room 53 is always open for free passage with the valve chest 55 through the out orifice 54. 
The ceiling side 552 is formed in the shape of a cone, and pore 22 is carrying out opening of the valve chest 55 to the 
topmost part of the ceiling side 552. Pore 22 is connected with the low voltage path 32 which leads to the drain line 75 
through the dugout 23 mentioned later, and is the low voltage path 32 and always open for free passage through the 
annular space 56 formed in the periphery of the minor diameter piston 64 which is arranged in a dugout 23, and which 
is mentioned later. 

[0030] The high-pressure path 31 and the high-pressure control path 52 open for free passage are carrying out opening 
to the base 551 of the valve chest 55. 

[0031] In the valve chest 55, the ball 63 which cut the bottom portion horizontally is arranged. A ball 63 is the valve 
element which can move up and down, at the time of descent, it sits down in respect of [ above-mentioned ] a cut on 
the valve chest base (henceforth a high-tension-side sheet) 551 as a valve seat, intercepts the valve chest 55 with the 
high-pressure control path 52, sits down to the above-mentioned ceiling side (henceforth a low-tension side sheet) 552 
as a valve seat at the time of elevation, closes pore 22, and intercepts the valve chest 55 with the aforementioned low 
voltage path 32. At the time of ball 63 descent, the back pressure room 53 is open for free passage with the low voltage 
path 32 by this through the out orifice 54, the valve chest 55, and the pore 22 it is [ pore ] a hole, the back pressure of 
the nozzle needle 61 falls, and the nozzle needle 61 ****. On the other hand, at the time of elevation, the back pressure 
room 53 is open for free passage with the high -pressure path 31 through the out orifice 54, the valve chest 55, and the 
high-pressure control path 52, the back pressure of the nozzle needle 61 rises, and the nozzle needle 61 sits down. 
[0032] The press drive of the ball 63 is carried out by the piezo actuator 121 . The piezo actuator 121 has the 
aforementioned dugout 23 which is the cylinder formed above the valve chest 55 in the vertical direction at the rod-like 
structure 2, and this and the same axle come to arrange in a dugout 23 the minor diameter piston 64 which is a piston of 
the bottom to the bottom, a spring 66, a disk spring 67, the major-diameter piston 65 that is an upper piston, and the 
piezo stack 68. While the upper limit of the aforementioned pore 22 carries out opening of the dugout 23 to a soffit 
side, it is formed with the stage where the soffit section 231 serves as a minor diameter, and the minor diameter piston 
64 is held that it can be slid on the major-diameter piston 65, respectively in the soffit section (henceforth a narrow 
diameter portion) 231 at the upper major-diameter section 232 of a narrow diameter portion 231. 
[0033] The lower part of**** 644 - the minor diameter piston 64 ****s to the peripheral surface of the dugout narrow 
diameter portion 23 1 ~ serves as a flange 643, and the bottom of it serves as the cone section 642 whose diameter is 
reduced like the bottom further. Furthermore, the bottom of it penetrates the above-mentioned pore 22, counters with 
the above-mentioned ball 63, and is made into the pressure pin 641 which presses a ball 63. A pressure pin 641 is 
formed in a minor diameter rather than pore 22. 

[0034] A spring 66 is arranged in the annular space 56 by the periphery of the minor diameter piston 64 rather than the 
minor diameter piston flange 643 in the upper part, the minor diameter piston 64 is energized caudad, and a ball 63 and 
a pressure pin 641 contact certainly. 

[0035] Rather than the minor diameter piston 64, the major-diameter piston 65 is the circular member of a major 
diameter, and can be caudad energized from the piezo stack 68 from a disk spring 67 to the upper part. 
[0036] Between the minor diameter piston 64 and the major-diameter piston 65, it fills up with fuel and is made into 
the displacement expansion room 57 which is an oil pressure room, and if the piezo stack 68 develops and the major- 
diameter piston 65 is pressed, the press force will be told to the minor diameter piston 64 through the fuel of the 
displacement expansion room 57. Here, since the minor diameter piston 64 is made into the minor diameter rather than 
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the major-diameter piston 65, the amount of extension of the piezo stack 68 is expanded, and it is changed into the 
variation rate of the minor diameter piston 64. The displacement expansion room 57 leads to the low voltage path 32 
through the check valve 321 so that always sufficient fuel may be filled. The direction which goes to the displacement 
expansion room 57 is established in the check valve 321 as the forward direction from the low voltage path 32, when 
the major-diameter piston 65 is pressed by extension of the piezo stack 68, it is closed, and it confines fuel in the 
displacement expansion room 57. 

[0037] While [ at which fuel injection is performed one by one ] the piezo stack 68 is usually contracting in the state of 
electric discharge at the time of operation, the ball 63 has sat down on the low-tension side sheet 552, when the high- 
pressure fuel in the valve chest 55 energizes only the pressure-receiving side of the ball 63 equivalent to the surface 
integral of the low-tension side sheet 552 up. On the other hand, when the piezo stack 68 is charged and it elongates, 
pistons 64 and 65 are depressed and a ball 63 is made to sit down on the high-tension-side sheet 551. 
[0038] The drive circuit 812 which performs the charge and discharge of the piezo stack 68 is the thing of the well- 
known composition for a piezo stack drive carried in the injector, and consists of an inductor which restricts the charge 
and discharge current to DC-DC circuit and the piezo stack 68, a switching circuit which controls movement of the 
charge in the piezo stack 68, and a setup of the charge maintenance period of the piezo stack 68 is enabled by 
controlling the above-mentioned switching circuit etc. by the command signal from ECU81 1 . 

[0039] At the time of fuel injection, when the piezo stack 68 is charged to the predetermined amount of charges and the 
piezo stack 68 develops first, a pressure pin 641 descends and a ball 63 is depressed. It becomes more superior by this 
than the force in which the direction of the force of sitting down on the high-tension-side sheet 551, and the fuel 
pressure of the valve chest 55 falling, and acting on a needle 61 in the **** direction while estranging a ball 63 from 
the low-tension side sheet 552 acts in the taking-a-seat direction, a needle 61 ****, and fuel injection is started. An 
injection halt reduces the piezo stack 68 by electric discharge of the piezo stack 68 on the contrary, and cancels the 
depression force to a ball 63. The ceiling side 551 side as for which the pore 22 which leads to the low voltage path 32 
carries out opening serves as low voltage in the valve chest 55. Since high-pressure fuel pressure is acting on the base 
of a ball 63 from the high-pressure control path 52, upward fuel pressure acts on a ball 63 as the whole, moreover, by 
release of the depression force to the aforementioned ball 63 Since it sits down on the low-tension side sheet 552 again 
and the fuel pressure of the valve chest 55 goes up while a ball 63 estranges from the high-tension-side sheet 551, a 
needle 61 sits down and injection stops. And fuel is injected from an injector 1 during a fixed period corresponding to 
the charge maintenance period by setting up the charge maintenance period of the piezo stack 68. 
[0040] ECU81 1 consists of microcomputers etc. 

[0041] A part of control in ECU81 1 in the case of starting of an engine is shown in drawing 2 , aging in the back- 
pressure control valve 12 in the case of starting is shown in drawing 3 , drawing 4 , and drawing 5 , and the operation 
of this fuel injection equipment is explained with the control performed in ECU81 1 according to these views. Drawing 
3 is a thing when carrying out for a while after an engine shutdown, and it is in this state until it starts by the operator. 
The inside of an injector 1 and a common rail 73 is uniform fuel pressure by low voltage, and the ball 63 is getting 
down to the valve chest base 552 by the self- weight. Moreover, it is getting down also from the minor diameter piston 

64 to the position where a pressure pin 641 contacts a ball 63 according to the downward energization force of a self- 
weight and a spring 66. With descent of the minor diameter piston 64, capacity has expanded the displacement 
expansion room 57 while fuel is introduced from the low voltage path 32. 

[0042] In Step S01, if it judges whether the ignition switch was turned on and an ignition switch is turned on, the piezo 
stack 68 will be charged at Step S02. Drawin g 4 is a thing at the time of charge of the piezo stack 68, the piezo stack 
68 develops, the major-diameter piston 65 carries out lower part displacement to the position according to the amount 
of supply charges to the piezo stack 68, being accompanied by the exsorption from the periphery of the pistons 64 and 

65 of the fuel in the displacement expansion room 57, and the capacity of the displacement expansion room 57 reduces 
it. The state of the ball 63 at this time and the piezo actuator 121 has the substantially [ as a valve-opening state, i.e., 
the state at the time of the fuel injection at the time of usual operation, ] the same back-pressure control valve 12. 
[0043] At Step S03, it starts like the conventional engine. That is, cranking is started, feeding of the high-pressure 
supply pump 72 is started by this, and the fuel pressure of each part of the injector 1 which leads to a common rail 73 
goes up. The fuel pressure of the sump ball room 41 which acts on the nozzle needle 61 in the **** direction goes up. 
On the other hand, although the fuel pressure of the back pressure room 53 which acts on the nozzle needle 61 in the 
taking-a-seat direction also goes up gradually, since the back-pressure control valve 12 is open, the force of acting on 
the nozzle needle 61 in the **** direction as a whole increases. 

[0044] moreover, the thing which a fuel pressure difference expands in the low voltage path 32, the upper part in the 
valve chest 55 close to the pore 22 open for free passage, and the lower part in the valve chest 55 — moreover, when 
the fuel pressure of the high-pressure control path 52 goes up, the force of acting up to a ball 63 increases 
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[0045] At Step S04, if it judges whether the predetermined value which the common-rail-pressure force read from a 
pressure sensor 82 set up beforehand was reached and the common-rail-pressure force reaches a predetermined value, 
it progresses to Step S05, and it will discharge and the piezo stack 68 will be reduced. 

[0046] Here, the aforementioned predetermined value in Step S04 is set up as follows. When this became a size more 
than fixed, the piezo stack 68 is discharged and the downward energization force over the ball 63 by the piezo actuator 
121 is canceled, the pressure of the fuel which surrounds a ball 63 like the above overcomes the self-weight of the 
minor diameter piston 64 etc., can follow in footsteps of the reduction operation of the piezo stack 68, and can make a 
ball 63 displace up, although it is acting up to a ball 63. The aforementioned predetermined value is set as the common- 
rail-pressure force of giving mist and a higher pressure from the minimum value of the fuel pressure of the valve chest 
55 in which the upward displacement of a ball 63 is possible, or the high-pressure control path 52, when the extension 
state of the piezo stack 68 is canceled (Step SOS). 

[0047] Moreover, the resiliency of the spring 62 which specifies the diameter of a sheet of the nozzle needle 61 which 
specifies the energization force of the **** direction of acting on the nozzle needle 61, and the energization force of 
the taking-a-seat direction is set up so that the nozzle needle 61 may hold a taking-a-seat state until the piezo stack 68 
contracts and a ball 63 sits down on the low-tension side sheet 552, since the state until it discharges the piezo stack 68 
in Step S05 like the above is substantially [ as the time of 

[0048] If a deer is carried out and electric discharge of the piezo stack 68 is performed at Step S05, it follows in 
footsteps of reduction of the piezo stack 68, a ball 63 carries out upward displacement with the minor diameter piston 
64, and it sits down on the low-tension side sheet 552, and the valve chest 55 and the low voltage path 32 will be 
intercepted, the pressure of the back pressure room 53 will rise, the force of acting on the nozzle needle 61 in the 
taking-a-seat direction will increase, and the nozzle needle 61 will maintain a taking-a-seat state 
[0049] Thus, since a ball 63 sits down on the low-tension side sheet 552 before the common-rail-pressure force goes up 
and the nozzle needle 61 ****, even if it does not prepare the spring which prevents that the minor diameter piston 64 
carries out lower part displacement by self-weight, unusual injection of fuel does not arise. 
[0050] It usually shifts to operation henceforth (Step S06). That is, since a ball 63 is in a taking-a-seat state, by 
charging the piezo stack 68 and making it elongate to predetermined timing, the press drive of the ball 63 is carried out 
in a lower part, the back-pressure control valve 12 opens, the nozzle needle 61 ****, and fuel injection is performed. 
And the back piezo stack 68 of the time corresponding to the instruction injection quantity is displaced upwards by the 
upward fuel pressure to which a ball 63 acts on this by making it discharge and reduce, the back-pressure control valve 
12 closes the valve, the nozzle needle 61 sits down, and fuel injection stops. 

[0051] In this fuel injection equipment, since it does not have as a means which pushes up the minor diameter piston 
64 upwards other than fuel pressure, after the minor diameter piston 64 is pushed up with a ball 63 and a ball 63 sits 
down to the low-tension side sheet 552, it did not displace upwards further, and is in contact with the ball 63, and the 
state is certainly held with a spring 66. Therefore, a ball 63 starts a **** operation from the low-tension side sheet 552 
at the same time the piezo stack 68 charges and it starts extension. That is, the response time of a **** operation of the 
nozzle needle 61 to the charge timing of the piezo stack 68 changes neither by individual differences nor aging, but it is 
prevented that fuel injection timing and fuel oil consumption vary. 

[0052] In addition, although the charge stage of the piezo stack 68 is performed in advance of the feeding start of the 
high-pressure supply pump 72, it may be simultaneous, and it is good if electric discharge [ stack / piezo / 68 ] is 
possible before the fuel pressure of the sump ball room 41 reaches the fuel pressure in which **** is possible in the 
nozzle needle 61 after charge of the piezo stack 68 even if it is after a feeding start. For example, always, the common- 
rail-pressure force is supervised by the detecting signal of a pressure sensor 82, and if the common-rail-pressure force 
reaches the set point according to low rather than the above-mentioned set point, the piezo stack 68 will be charged. 
[0053] Moreover, the spring 66 which energizes the minor diameter piston 64 caudad can also be considered as the 
abridged composition. 
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